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SEMICONDUCTOR DEVICE AND DATA TRANSFER SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

5 This application is based upon and claims the benefit 

of priority from the prior International Patent Application 
No. PCT/JP01/06587, filed on July 31, 2001, the entire 
contents of which are incorporated herein by reference. 

10 BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device 
and a data transfer system for receiving data signals from 
an external device. 

15 In recent years, audio/image related data transfer has 

been performed in computers, peripheral devices, and home 
audio/image equipment. To perform data transfer, the same 
protocol is used as for communication data, and a 
semiconductor for controlling the protocol (e.g., serial bus 

20 control) is incorporated in a computer, peripheral device, 

or audio/image equipment. Different external devices may be 
connected to the semiconductor device. The external devices 
may transmit signals having different center amplitude 
levels. Thus, the semiconductor device is required to be 

25 capable of retrieving signals having different center 
amplitude levels. 

Fig. 7 is a schematic block diagram of a data transfer 
system that includes a semiconductor device 51 and an 
external device 52. The semiconductor device 51 is a serial 

30 bus controller that is in compliance with the P1394b 

standard. The semiconductor device 51 is connected to the 
external device 52 via an AC coupling circuit 53. If the 
serial bus controller is in compliance with the P1394b 
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standard, the amplitude AV of an input signal IN is 600 mV 
to 800 mV as shown in Fig. 8. Further, the input signal IN 
has a center amplitude level VC that differs in accordance 
with the power supply voltage of the external device 52. For 
5 example, the center amplitude level VC is 1 . 4 V to 1 . 7 V 
when the power supply voltage is 2.5 V, and the center 
amplitude level VC is 0 . 7 to 1 . 0 V when the power supply 
voltage is 1.8 V. The center amplitude level VC refers to 
the amplitude range of the center level of the input signal 
10 IN. 

In other words, the center amplification level VC of 
the input signal IN differs in accordance with the external 
device 52 connected to the semiconductor device 51. Thus, an 
AC coupling circuit 53 is connected between the 

15 semiconductor device 51 and the external device 52. The AC 
coupling circuit 53 converts the center amplitude level VC 
of the input signal IN from the external device 52 to a 
certain level to determine the input signal IN at an input 
circuit 54 of the semiconductor device 51. The AC coupling 

20 circuit 53, which includes a capacitor Cll and resistors Rll 
and R12, level-converts the input signal IN to a signal that 
oscillates about a predetermined voltage, which is obtained 
by dividing the power supply voltage with resistors Rll and 
R12. The input circuit 54 inputs a control signal (enable 

25 signal) EN and selectively provides an internal circuit 55 
with the level-converted input signal in response to the 
control signal EN . 

In a computer or a peripheral device, the AC coupling 
circuit 53 and the semiconductor device 51 is mounted on a 

30 circuit substrate. The semiconductor device 51 includes a 
plurality of input circuits 54. The plurality of input 
circuits 54 are connected to a plurality of external devices 
52. In such a case, an AC coupling circuit 53 is required 
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for each input circuit 54. This increases the number of 
components and enlarges the connection area of the circuit 
substrate . 

It is an object of the present invention to provide a 
5 semiconductor device and a data transfer system that receive 
a plurality of data signals having different center 
amplitude levels without using an AC coupling circuit. 

SUMMARY OF THE INVENTION 

10 

A first aspect of the present invention provides a 
semiconductor device. The semiconductor device receives 
input signals having different center amplitude levels and 
includes a detection circuit for detecting a center 

15 amplitude level of the input signals to generate a control 
signal, and a conversion circuit connected to the detection 
circuit to convert the input signals to a signal having a 
certain level in accordance with the control signal. 

A second aspect of the present invention provides a 

20 semiconductor device. The semiconductor device receives an 
input signal having different center amplitude levels and 
includes a detection circuit for detecting a center 
amplitude level of the input signal to generate a control 
signal, and a selection circuit connected to the detection 

25 circuit for selecting a determination level of the input 
signal in accordance with the control signal. 

A third aspect of the present invention provides a data 
transfer system. The data transfer system includes a first 
device for outputting a data signal and a second device for 

30 receiving the data signal as an input signal. The second 
device includes a detection circuit for detecting a center 
amplitude level of the input signal and generating a control 
signal and a conversion circuit connected to the detection 
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circuit for converting the input signal to a signal having a 
certain level in accordance with the control signal. 

A fourth aspect of the present invention provides a 
data transfer system. The data transfer system includes a 
5 first device for outputting a data signal and a second 

device for receiving the data signal as an input signal. The 
second device includes a detection circuit for detecting a 
center amplitude level of the input signal and generating a 
control signal and a selection circuit connected to the 

10 detection circuit for selecting a determination level of the 
input signal in accordance with the control signal. 

Other aspects and advantages of the present invention 
will become apparent from the following description, taken 
in conjunction with the accompanying drawings, illustrating 

15 by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 
20 thereof, may best be understood by reference to the 

following description of the presently preferred embodiments 
together with the accompanying drawings in which: 

Fig. 1 is a schematic block diagram of a data transfer 
system according to a first embodiment of the present 
25 invention; 

Fig. 2 is a schematic block diagram of the data 
transfer system in which a semiconductor device of Fig. 1 is 
connected to a further external device; 

Fig. 3 is a circuit diagram of a detection circuit in 
30 the semiconductor device of Fig- 1; 

Fig. 4 is a schematic block diagram of a data transfer 
system according to a second embodiment of the present 
invention; 
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Fig. 5 is a circuit diagram of a receiving circuit in 
the semiconductor device of Fig. 4; 

Fig. 6 is a circuit diagram of a detection circuit in 
the semiconductor device of Fig. 4; 
5 Fig. 7 is a schematic block diagram of a data transfer 

system in the prior art; and 

Fig. 8 is a waveform diagram of an input signal. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 

A data transfer system, which includes an external 
device (first device) and a semiconductor device (second 
device) , according to a first embodiment of the present 
invention will now be discussed with reference to Figs. 1 
15 and 3. 

Fig. 1 is a schematic block diagram of a data transfer 
system. The semiconductor device 11, which is a serial bus 
controller that is in compliance with the P1394b standard, 
is mounted on a circuit substrate in a personal computer or 

20 a peripheral device. The semiconductor device 11 is 

connected to an external device 13a by a communication cable 
12 to transfer data to and from the external device 13a. 

The external device 13a includes an output circuit 14a. 
The output circuit 14a is supplied with a first power supply 

25 voltage VI (2.5 V), and the output circuit 14a transmits an 
input signal (data signal) INI to the semiconductor device 
11 in accordance with the first power supply voltage VI. The 
output circuit 14a of the external device 13a, which is in 
compliance with the P1394b standard in the same manner as 

30 the semiconductor device 11, transmits a signal INI having 
an amplitude AV of 600 to 800 mV in the same manner as the 
input signal IN shown in Fig. 8. The signal INI has a center 
amplitude level VC of 1 . 4 V to 1 . 7 V . 
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As shown in Fig. 2, in addition to the external device 
13a, the semiconductor device 11 is connected to a further 
external device 13b that is in compliance with the external 
device 13b to transfer data to and from the external device 
5 13b. The external device 13b includes an output circuit 14b. 
The output circuit 14b is supplied with a second power 
supply voltage V2 (1.8 V) , and the output circuit 14b 
transmits an input signal IN2 to the semiconductor device 11 
in accordance with the second power supply voltage V2 . The 
10 input signal IN2 has an amplitude AV of 600 to 800 mV. The 
signal IN2 has a center amplitude level VC of 0 . 7 V to 1 . 0 
V. 

The semiconductor device 11, which is connected to the 
external device 13a or the external device 13b, receives the 

15 input signals INI and IN2 having a center amplitude level VC 
of 1.4 V to 1.7 V or 0.7 V to 1.0 V. 

The configuration of the semiconductor device 11 will 
now be described in detail. 

The semiconductor device 11 includes an input circuit 

20 15 and an internal circuit 16, and the input circuit 15 

includes first and second receiving circuits 17 and 18 and a 
detection circuit 19. The input circuit 15 is connected to 
the external device 13a or the external device 13b by the 
communication cable 12. The first and second receiving 

25 circuits 17 and 18 and the detection circuit 19 receive the 
input signal INI or the input signal IN2 from the external 
device 13a or the external device 13b. 

The first receiving circuit (conversion circuit) 17 
receives the input signal INI, level-converts the input 

30 signal INI to the certain signal level required by the 

internal circuit 16, and outputs the converted signal to the 
internal circuit 16. The second receiving circuit 
(conversion circuit) 18 receives the input signal IN2, 
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level-converts the input signal IN2 to the certain signal 
level required by the internal circuit 16, and outputs the 
converted signal to the internal circuit 16. 

The first receiving circuit 17 receives the input 
5 signal INI, the center amplitude level VC of which is at the 
first level (1.4 V to 1.7 V), and sends an output signal 
OUT, which has a high level or a low level in accordance 
with the level of the input signal INI, to the internal 
circuit 16. The second receiving circuit 18 receives the 

10 input signal IN2, the center amplitude level VC of which is 
at the second level. (0.7 V to 1.0 V), and sends the output 
signal OUT, which has a high level or a low level in 
accordance with the level of the input signal IN2, to the 
internal circuit 16. 

15 The receiving circuit 17 is a three state circuit 

having an enable terminal 17a. The terminal 17a receives a 
selection signal SEL1 from the detection circuit 19. The 
receiving circuit 18 is a three state circuit having an 
enable terminal 18a. The terminal 18a receives a selection 

20 signal SEL2 from the detection circuit 19. The receiving 

circuit 17 is activated when the selection signal SEL1 has a 
low level and outputs the output signal OUT from the 
external device 13a in correspondence with the input signal 
INI from the external device 13a. The receiving circuit 18 

25 is activated when the selection signal SEL2 has a low level 
and outputs the output signal OUT from the external device 
13b in correspondence with the input signal IN2 from the 
external device 13b . 

The detection circuit 19 generates the first and second 

30 selection signals SEL1 and SEL2, which validates one of the 
first and second receiving circuits 17 and 18, in response 
to the center amplitude level VC of the input signals INI 
and IN2 . For example, the detection circuit 19 responds to 
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the input signal INI, the center amplitude level VC of which 
is at the first level (1.4 V to 1.7 V), and generates the 
first selection signal SEL1 at the low level and the second 
selection signal SEL2 at the high level. Further, the 
5 detection circuit 19 responds to the input signal IN2, the 
center amplitude level VC of which is at the second level 
(0.7 V to 1.0 V), and generates the first selection signal 
SEL1 at the high level and the second selection signal SEL2 
at the low level. 

10 Fig. 3 is a circuit diagram of the detection circuit 

19. The detection circuit 19 is configured by comparators 21 
and 22 and OR circuits 23 and 24. The input signal IN (INI 
and IN2) is input to the non-inverting input terminal of the 
first comparator 21, and a first reference voltage El is 

15 input to the inverting input terminal of the comparator 21. 

The first reference voltage El is set in correspondence with 
the first level, which is 1 . 7 V in the present embodiment. A 
reference voltage E2 is input to the inverting input 
terminal of the comparator 22. The second reference voltage 

20 E2 is set at a level corresponding to the second level, 
which is 1.0 V in the present embodiment. 

Accordingly, when the input signal INI having the first 
level is input to the semiconductor device 11, the first 
comparator 21 outputs a comparison signal SI at a low level 

25 and the second comparator 22 outputs a comparison signal S2 
at a high level. Further, when the input signal IN2 having 
the second level is input, the first and second comparators 
21 and 22 output the comparison signals SI and S2 at a low 
level . 

30 The first OR circuit 23 receives the comparison signal 

51 of the first comparator 21, inverts the comparison signal 

52 of the second comparator 22, and receives the inverted 
comparison signal to output the first selection signal SEL1 



in accordance with the levels of the comparison signals. The 
second OR circuit 24 receives the comparison signal SI of 
the first comparator 21 and the comparison signal S2 of the 
second comparator 22 to output the second selection signal 
5 SEL2 in accordance with the levels of the comparison 
signals . 

More specifically, as shown in Fig. 1, the external 
device 13a is connected to the semiconductor device 11. When 
the input signal INI of which center amplitude level VC is 

10 1.4 V to 1.7 V, the first comparator 21 of Fig. 3 outputs 
the comparison signal SI at a low level, and the second 
comparator 22 outputs the comparison signal S2 at a high 
level. The first OR circuit 23 outputs the first selection 
signal SEL1 at a low level, and the second OR circuit 24 

15 outputs the second selection signal SEL2 at a high level. 
Accordingly, the first receiving circuit 17 of Fig. 1 
responds to the low first selection signal SEL1 and 
generates an output signal OUT having a predetermined level 
from the input signal INI. The second receiving circuit 18 

20 sets the output terminal at high impedance in response to 
the high second selection signal SEL2 . 

As shown in Fig. 2, the external device 13b is 
connected to the semiconductor device 11. When the input 
signal IN2 of which center amplitude level is 0 . 7 V to 1 . 0 

25 V, the first and second comparators 21 and 22 of Fig. 3 

outputs the comparison signals SI and S2 at a low level. In 
this case, the first OR circuit 23 outputs the first 
selection signal SEL1 at a high level, and the second OR 
circuit 24 outputs the second selection signal SEL2 at a low 

30 level. Accordingly, the first receiving circuit 17 sets the 
output terminal at high impedance, and the second receiving 
circuit 18 generates an output signal OUT having a 
predetermined level from the input signal IN2. 
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In this manner, the semiconductor device 11 
substantially selects the determination level of the input 
signal IN by selectively validating the first and second 
receiving circuits 17 and 18 in accordance with the center 
5 amplitude level VC of the input signal IN (INI and IN2) . 

Accordingly, the first receiving circuit 17 and the second 
receiving circuit 18 function as selection circuits. This 
enables the receipt of the input signal IN at different 
center amplitude levels VC. 
10 The features of the semiconductor device 11 according 

to the first embodiment of the present invention will now be 
discussed. 

(1) The semiconductor device 11 includes the input 
circuit 15, which is configured by the first and second 

15 receiving circuits 17 and 18 and the detection circuit 19. 
The first and second receiving circuits 17 and 18 receive 
the signals INI and IN2, which have different center 
amplitude levels VC, and output the signal OUT at the same 
level. The detection circuit 19 detects the center amplitude 

20 level VC of the input signal IN and generates the selection 
signals SEL1 and SEL2 as control signals in response to the 
detected level. The selection signals SEL1 and SEL2 validate 
one of the receiving circuits 17 and 18. This enables the 
receipt of the input signals IN having different center 

25 amplitude levels VC without connecting the AC coupling 
circuit 53 (refer to Fig. 7) to the outside of the 
semiconductor device 11. 

(2) The first and second receiving circuits 17 and 18 
set the output terminals at high impedance when its 

30 receiving circuit is not valid in response to the selection 
signals SEL1 and SEL2 . This surely transmits the output 
signal OUT of the valid receiving circuit to the internal 
circuit 16. 
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(3) In the detection circuit 19, the comparators 21 and 
22 receive the reference voltages El and E2 corresponding to 
two different center amplitude levels VC and compares the 
reference voltages El and E2 with the input signal IN (INI 

5 and IN2) . In this case, the selection signals SEL1 and SEL2 
for selecting the first and second receiving circuits 17 and 
18 are easily generated based on the comparison output of 
the comparators 21 and 22 and is practically preferable. 

(4) The employment of the semiconductor device 11 

10 results in the AC coupling circuit 53 becoming unnecessary. 
Thus, the number of components and the connection area in a 
personal computer or its peripheral devices are not 
increased . 

A second embodiment according to the present invention 

15 will now be discussed with reference to Figs. 4 to 6. 

Fig. 4 is a schematic block diagram of a data transfer 
system in the present embodiment. The semiconductor device 
30 includes an input circuit 31 and an internal circuit 32. 
The input circuit 31 includes a receiving circuit 

20 (conversion circuit) 33 and a detection circuit 34. The 

semiconductor device 30 is also a serial bus controller that 
is in compliance with the P1394b standard. The semiconductor 
device 30 is connected to an external device 13c by a 
communication cable 12 to transfer data to and from the 

25 external device 13c. The external device 13c includes an 
output circuit 14c. In the same manner as the external 
device 13a (refer to Fig. 1), the external device 13c also 
outputs signals IN and /IN of which the center amplitude 
level VC has the first level (1.4V to 1.7V) based on the 

30 first power supply voltage VI (2.5V). Further, the 

semiconductor device 30 is connected to a further external 
device that outputs a signal of which center amplitude level 
VC has a second level (0.7 V to 1.0 V) to transfer data to 
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and from the external device. 

Therefore, in the same manner as the semiconductor 
device 11 of the first embodiment, the semiconductor device 
30 of the present embodiment receives the input signals IN 
5 and /IN of which center amplitude level is 1 . 4 V to 1 . 7 V or 
0 . 7 V to 1 . 0 V. 

Fig. 5 is a circuit diagram of the receiving circuit 33 
in the present embodiment. The receiving circuit 33 includes 
p-channel MOS transistors Tl and T2, n-channel MOS 
10 transistors T3 and T4, a current source 35, and a level 
converter 36. The current source 35 includes a first 
constant current source 35a and a second constant current 
source 35b. 

The input signal IN of the external device 13 is input 

15 to the gate of the n-channel MOS transistor T3, and the 

input signal /IN is input to the gate of the n-channel MOS 
transistor T4 . The input signals IN and /IN are differential 
signals and when one has a high level the other has a low 
level. The drain of the transistor T3 is connected to the 

20 transistor Tl via a power supply V3, and the drain of the 
transistor T4 is connected to the transistor T2 via the 
power supply V3 . The source of the transistor T3 is 
connected to the source of the transistor T4 . These sources 
are grounded via the current source 35. The gate of the 

25 transistor Tl is connected to the drain of the transistor 
Tl, and the gate of the transistor T2 is connected to the 
drain of the transistor T2 . 

The level converter 36 is configured by the p-channel 
MOS transistors T5 and T6 and the n-channel MOS transistors 

30 T7 and T8 . The gate of the transistor T5 is connected to the 
drain of the transistor Tl, and the gate of the transistor 
T6 is connected to the drain of the transistor T2 . The 
source of the transistor T5 is connected to the power source 
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V3, and the drain of the transistor T6 is grounded via the 
transistor T8 . The drain of the transistor T7 is connected 
to the gates of the transistors T7 and T8 . The output signal 
OUT is output via a buffer 37 and an inverter circuit 38, 
5 which are series-connected to a node Nl between the 
transistor T6 and the transistor T8 . 

In the receiving circuit 33, the amount of current that 
flows through the transistors T3 and T4 is determined in 
accordance with the voltage level of the signals IN and /IN 

10 that are input to the transistors T3 and T4 . The total of 
the amount of current that flows through the transistors T3 
and T4 substantially matches the current amount driven in 
the current source 35. Based on the difference of the 
current amount flowing through the transistors T3 and.T4, 

15 the level converter 36 converts the current to the voltage 
(low level or high level) required by the internal circuit 
32. More specifically, when the input signals IN and /IN 
satisfy IN > /IN, the signal OUT is output at a high level. 
When IN < /IN is satisfied, the signal OUT is output at a 

20 low level. Further, in this state, when the center amplitude 
level VC is 1.4 V to 1.7 V, only the first constant current 
source 35a is driven in the current source 35 thus 
decreasing the current amount. When the center amplitude 
level VC of the input signals IN and /IN is 0 . 7 V to 1 . 0 V, 

25 the first constant current source 35a and the second 

constant current source 35b of the current source are both 

driven thus increasing the current amount. This changes the 

r 

determination level (threshold value) of the input signals 
IN and /IN in the receiving circuit 33 and outputs the 
30 output signal OUT at a certain level that corresponds to the 
logic level (low level or high level) of the input signals 
IN and /IN. The switching of the current amount in the 
current source 35 is performed in accordance with control 
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signals C0N1 and CON2 that are output from the detection 
circuit 34 . 

Fig. 6 is a circuit diagram of the detection circuit 
34. The detection circuit 34 is configured by first and 
5 second comparators 39 and 40 and first and second resistors 
Rl and R2, which have a resistance of 10 kQ. The voltage 
value between the first resistor Rl and the second resistor 
R2 is set at the median voltage value of the input signals 
IN and /IN. The median voltage value is input to the non- 
10 inverting terminals of the comparators 39 and 40. Further, a 
reference voltage El is input to the inverting input 
terminal of the first comparator 39, and a reference voltage 
E2 is input to the inverting input terminal of the second 
comparator 40. 

15 Accordingly, when the input signals IN and /IN of which 

the center amplitude level VC is at the first level (1.4 V 
to 1.7 V) are input to the semiconductor device 30, the 
first comparator 39 outputs the first control signal CON1 at 
the low level and the second comparator 40 outputs the 

20 second control signal CON2 at the high level. In response to 
the control signals CON1 and CON2, the receiving circuit 33 
drives only the first constant current source 35a of the 
current source 35. When the input signals IN and /IN of 
which the center amplitude level VC is at the second level 

25 (0.7 V to 1.0 V) are input to the semiconductor device 30, 
the first comparator 39 outputs the first control signal 
CON1 at a low level, and the second comparator 40 outputs 
the second control signal CON2 at a low level. In response 
to the control signals CON1 and CON2, the receiving circuit 

30 33 drives both of the first constant current source 35a and 
the second constant current source 35b. 

The features of the semiconductor device 30 according 
to the second embodiment of the present invention will now 
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be described. 

(1) The semiconductor device 30 includes the input 
circuit 31, which is configured by the receiving circuit 33 
and the detection circuit 34. The receiving circuit 33 

5 includes the current source 35 and adjusts the current 

amount of the current source 35 in response to the control 
signals CON1 and CON2 from the detection circuit 34. The 
adjustment of the current amount changes the determination 
level of the input signal IN in the receiving circuit 33. 

10 The changing of the determination level enables the 

receiving of the input signals IN and /IN at different 
center amplitude levels VC and enables the output of the 
output signal OUT at a certain level in accordance with the 
level of the input signals IN and /IN. As a result, the 

15 input signals IN and /IN having different center amplitude 
levels VC are received with a single receiving circuit 33 
even if the AC coupling circuit 53 (refer to Fig. 7) is not 
connected to the outside of the semiconductor device 30. 

(2) The current source 35 is configured by the constant 
20 current sources 35a and 35b that correspond to two different 

center amplitude levels VC and changes the number of the 
constant current sources 35a and 35b that are to be driven 
in response to the control signals CON1 and CON2 of the 
detection circuit 34 to change the amount of current flowing 

25 through the transistors T3 and T4 . This changes the 
determination level of the receiving circuit 33 to be 
changed in correspondence with the center amplitude level VC 
of the input signals IN and /IN. 

It should be apparent to those skilled in the art that 

30 the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Particularly, it should be understood that the 
present invention may be embodied in the following forms. 
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In addition to the semiconductor devices (serial bus 
controllers) 11 and 30 that are in compliance with the 
P1394b standard, the present invention may be applied to 
other semiconductor devices. 

In the input circuits 15 and 31 of the above 
embodiments, two signal determination levels are set in 
accordance with two input signals having different center 
amplitude levels VC . However, three or more signal 
determination levels may be set. In this case, an input 
circuit including receiving circuits, the number of which 
corresponds to that of the signal determination levels, and 
a constant current source are used. 

The present examples and embodiments are to be 
considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
appended claims. 
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